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PRESERVATION COMPOSITIONS AND u 2 

MmiOOS FOR MUSHROOMS ^ Set^ 

?5S£SSSSHS ■ SS^" 

Background of the invention — hJS^SS t?,^?,'^ '** 

purpose of removing unwanted particulate matter, and to c ^-f£." a . ,ll,ai " tissue bro *"»g- With their higH£ 
enhance mushroom whiteness. In 19S6. however, the V S '° " SSUe """"P 5 - ™hr<x.ms represent71 au e 

TOA banned the application of sulfite compounds " fresh ' of *gh-pH preservative treatments SolX 

mushrooms due to severe allergic reacts to suffiT« t ^ Ume mUS ' ta "odouTto ™£ 

among cenatn asthmatics. SuUi, « °™ destruction while avoiding coun.err.cducZ^ 

FoUowu,g the ban on sulfite compounds for processing of SET? ? mUShrooms <° ««mes ofjH. resulting T„ 
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with an initial high-pH antimicrobial step, followed by one high-pH treatment. Within each day. treatments with the 

or more pH neutralization/browning inhibitor washes, with same letter are not different at p<0 05 

aSd^fM rt examote SOdiUm <My,h ° ,bl " e buB " W " h EDTA TO. 2 is a chart illustrating the effe« of retention time in 

* . ■ * . L . u „ , wasn solution on color of hybrid off-white mushrooms. 

3 h 8 PH ^T CM ^ 5 ***** wch the same letter are not 

the control of bacterial spoilage of mushrooms. A first- stage. clfTnir ,^, ntlw H ;ff«--„r cat. i_, 

high- P H wash destroys bacteria, but might also directly "^"^ dlffcreilt 81 lhC 5% 1CVcL 

damage mushroom tissue. This is avoided, however, if na 3 15 3 illustrating the effect of retention times 

mushroom exposure time to the high-pH solution is brief in wash solutioi >s on the color of hybrid off-white mush- 

and is followed immediately by a second-stage ncutraliza- rooms. Slopes with the same letter arc not significantly 

lion buffer, consisting primarily of the enzymatic browning 1 different at the 5% level. 

inhibitors crythorbic acid and sodium erythorbate. FIG. 4 is a chart illustrating the effect of wash solution 

Solutions of varying concentrations of trisodium phos- temperature on the quality of hybrid off-white mushrooms, 

ph ate (TSP) or sodium bicarbonate were adjusted to pH 11.0 Within each day. treatments with the same letter are not 

and reacted with equal volumes of erythorbic acid/sodium significantly different at the 5% level, 
erythorbate browning inhibitor solutions, to screen for com- 13 FIG. 5 is a chart illustrating the effect of wash solution 

binations yielding a final pH in the mushroom physiological temperatures on the quality of hybrid off-white mushrooms, 

range. Solutions with the desired buffering capacities were slopcs with ^ samc lctlcr ^ not signiiicaQUv different at 

screened tor effectiveness ui vivo in mushroom washing (nc ^ ^ j ° ' 

trials. Reflectance colorimctry and visual inspection for „ 
bacterial blotch and other defects were used to determine 20 FIG. 6 is a chart illustrating the effect of first-stage wash 

mushroom quality. A 0.05M sodium bicarbonate buffer wash solution pH on the color of hybrid off-white mushrooms, 

at pH 10.5-11.0. followed by a 0.6% erythorbic acid/2.4% Within each day. treatments with the same letter arc not 

sodium erythorbate wash yielded initial quality nearly as significantly different at the 5% level, 
high as that obtained by sulfite treatment, and far exceeded FIG. 7 is a chart illustrating the effect of first-stage wash 

the performance of sulfite treatment on days 3. 6. and 9 of 25 solution pH on the color of hybrid off-white mushrooms, 

storage. Slopes with the same letters (within parentheses) are not 

With the pH 1 1.0/3% erythorbate treatment as a starting different at p<0.05. 
point, further experiments were designed to optimize the FIG. 8 is a chart illustrating the effect of first-stage wash 

process, examining the effects of varying mushroom expo- solution pH on the color of hybrid off-white mushrooms, 

sure time to wash solutions, varying solution temperatures. 30 Wlthin each ^ ^tmcnis with the same letter arc not 

and the addition of EDTA and calcium chloride to the significantly different at the 5% level, 
second-stage wash solution. Optimum mushroom quality . . . . _ 

and shelf life were obtained when mushrooms were washed , na 9 ^ the effect jrf first-stage wash 

in the high-pH solution for 30s at 25° C. and in the soluUon buffering capacity on hybrid off-white mushroom 

erythorbic acid/sodium erythorbate soluuon for 60s at 10 d C „ color SloDCS with ^ suac lcttcr ■» DOt significantly 

Addition of 1000 ppm caicium-disodium EDTA and 1000 different at p<0.05. 

ppm calcium chloride to the second-stage wash further FIG. 10 is a chart illustrating the effect of erythorbic 

improved mushroom quality. The high-pH/erythorbate treat- acid/sodium erythorbate concentration on color of hybrid 

meat with EDTA and calcium chloride equaled or exceeded off-white mushrooms. Within each day, treatments with the 

the initial quality yielded by sulfite treatment, and far same letter are not significantly different at the 5% level, 
exceeded the performance of sulfite treatment on days 3. 6. 40 FIG. 11 is a chart illustrating the effect of erythorbic 

and 9 of storage. This optimized high-pH treatment also acid/sodium erythorbate concentration of hybrid off-white 

equaled or exceeded the performance of a hydrogen mushrooms. Slopes with the same letter are not different at 

peroxide/EDTA treatment on each day of evaluation, and tnc ^ [ cvc [ 

was as effective as an antimicrobial. ^ ' FIG. 12 is a chart illustrating the comparison of aerobic 

Id addiuoo touting the qu^ty and shelf life of fresh 45 ^ 0fl mushrooras from four Wmit acatmcQts , 

mushrooms, the high pH/erythorbate wash treatment has Within ^ ^ Qf cvaluation! tnaSsaaa3l witn thc same 

applications in canning and ini freezing High- P H treatment ^ ^ ^ fl( ^ 5% ^ 

prior to canning resulted in better (lighter) color than did illustrating the effect of mushroom 

sulfite or water washing before canning. Mushrooras treated • * . . . . **. 6 , . . f 

. i . - * „ * - u u * .u u . holding times in wash solutions and solution temperatures 

with high pH prior to freezing were much whiter throughout 50 6 , 7T...;,i. , k . 

__ * r r » & on aerobic plate counts. Witmn each day. treatrnents with the 

frozen storage than mushrooms washed in water or a sodium . „ F # . , tU ' . . 

sulfite solution same letter were not different at thc 5% level 

. ( A - ^ M - A FIG. 14 is a chart illustrating the effectiveness of high-pH. 

A principal objective of the present invention is to provide , _ . ^ • . ■ • k-Tl.L. 

. , * . . t t~ .|| ■ |j . * „ „ sulfite, and water wash treatments at maintaining whiteness. 

a practical wash treatment that will yield mushrooms as ...... . , ^ ,„ , ... r . J* „„ nrti 

.J. . , . ./ ,, , . , ^ „ „ „ Within each day. treatments with the same letter were not 

white as sulfite- treated mushrooms initially, while also sup- 55 ■ 

. . . . . . . . r different at thc 5% level 

pressing bacterial growth, extending shelf life, and improv- 

ine storage quality FIG. IS is a chart illustrating the effectiveness of high-pH. 

r i_ - „• , sulfite, and water wash treatments at maintainin g whiteness 

It is a principal object of thc present invention to apply . . , lU t . , . . . , - m t . 

- -j i ■ • . r„ 1. J over time. The slope with the asterisk is different from the 

high pH bactericidal solutions to mushrooms followed by r , 

... c i_ . . . . , . fin others at the 5% level, 

neutralization of mushroom pH and in traduction of brown- 00 m _ ^ . . ... _ . . 

ing inhibitors, to prevent bacterial decay and mushroom nG - 16 15 1 ^ ^^"8 *« f«**utm of three 

.. , . , - „ treatments at maximizing whiteness of canned mushrooms, 
tissue discoloration. & _ 

after one week of storage. Treatments with the samc letter 

BRIEF DESCRIPTION OF THE DRAWING • arc not different at the 5% level 

FIGURES 65 FIG. V7 is a chart illustrating the canning yield of three 

FIG. 1 is a chart illustrating the effect of adding EDTA and . treatments, expressed on a fresh weight basis. Treatments 

calcium chloride to the second-stage wash solution of the with thc same letter are not different at the 5% level. 
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FIG. 18 is a chart illustrating the effectiveness of three used in mushroom washing trials, to determine effectiveness 

wash treatments at maintaining whiteness of mushrooms at maximizing shelf life and optimizing mushroom color 

stored at -10 C Within each week, treatments with the same . (whiteness), 
letter were not different at the 5% level. 

FIG. 19 is a chart illustrating the effectiveness of three 5 Washing Procedure 

wash treatments at maintaining whiteness of mushrooms *rv. . . . , . . . 

« j , ,nr n ,.,,. u i L L Treatment solutions were prepared with deiowzed 

desired temperature immediately before washing. Typically. 

FIG. 20 is a chart illustrating the change in mushroom the first. high-pH stage of a two-stage wash treatment was 
color with re-use of wash solutions. The sulfite treatment 10 adjusted to 25° C, while the second, neutralization stage 

showed a decline in color, while the high-pH treatment did was chilled to 10° C Chemical compounds used in wash 

not. at the 5% level. solutions are listed in Table 2. Except in experiments where 

DETAILED DESCRIPTION OF THE WSSh WaS cx P criracntal variable, total washing 

™SS » dmc r, 90 scc " — *t odc - ^ 60 

f^rouu:^ x^viov^uvicun a seconds for stage two of two-stage. high-pH treatments, and 

Harvesting of the Mushrooms 90 seconds for sin gle-stage sulfite and dcionized (reverse- 

osmosis) water control lots. 

Hybrid off-white (Ul) mushrooms ; were grown at the Mushrooms were washed in 3.5-liter polyethylene 

Mushroom Test Deraonstrauon Facility (MTDF) of the buckets, at me ratio of 300 g ir^shrooms per liter of wash 

Pennsylvania State University, on traditional horse manure- solution, agitated gently by hand, using a stainless steel 

based compost, using standard MTDF practice. Mushrooms s i on cd mixing spoon, at the rate of 30 times per minute, and 

were harvested early in the morning on the day of each ^acd in polyethylene colanders. Control mushrooms, 

experiment. Twice as many mushrooms as were needed for Stated with a single-stage wash, were transferred to colan- 

washing were obtained from those picked. Mushrooms were dcrs ^ct 30 and i^d^y rc -immersed in the 

selected for washing based on size, freedom from major wasn solution< to simulate ^ nandU of mushrooms in 

blemishes (bruising, gouges), disease (blotch or two-stage treatments, 

verticillium). and for maturity (unstretched veils). Only first . . . 

and second flush mushrooms were used; and. within a given , WaS " ed mushrooms were d™** for 5 miniiu* at room 

experiment, mushrooms were obtained from a single flush Iem P e " tu " : - *»? glanders were placed u. K-size brown 

and growing room. Mushrooms were stored at 4" C. ran- 30 ™" P»»y bags W prevent excess.ve mo.sture loss 

domiy assigned to treatment lots, and washed within 8 hours dUnng . m " m ^ h °.'? mg - f^ 8 s 5 e ta «? m not 

of picking. Almost all of the wash treatments tested con- ^ c ° atacX ^ nmtaWM. Bags were folded over 

sisted of two stages: a first-stage. high-pH antimicrobial '°- 12 f" ^ ,0 f OSe - J"** 

wash (typically, a P H 10.0-ll.Osodiumbicarbonate buffer). „ an , d "h"? 

foUowed by a second-stage neutralizaUon and preservative 35 ° VerWrap packag " lg and uutlal 1x101 <k<<*™"""»>' 

wash (typically, a mixture of erythorbic acid, sodium Packaeinc 

erythorbate. calcium chloride, and EDTA). Since high pH 88 

was employed as the principal antimicrobial factor, it was After overnight storage at 4° C. mushrooms were 

necessary to neutralize pH in the second wash stage, to removed from bags, and each treatment lot was randomly 

niinimizc mushroom tissue damage and resultant accelera- 40 divided into four su blots of six caps each, labeled "Day 0." 

tion of enzymatic browning. "Day 3 .""Day 6,** and "Day 9." Mushrooms were then 

Initially, two solutions were prepared at pH 11.0. the * packaged by sublot. caps up. in linear-polystyrene tills. "Day 

minimum suggested pH for useful antimicrobial action: a 0" mushrooms were evaluated immediately, and the remain- 

0.05M sodium bicarbonate solution (pH 8.25) adjusted to 43 in S tills were ovcrwrapped with 60-gauge. PWMF Vitafilm 

pH 11.0 with 1.0N sodium hydroxide, and a \% tribasic polyvinylchloride film (The Goodyear Tire and Rubber Co.. 

sodium phosphate solution (pH 11.74) adjusted to pH 11.0 Akron, Ohio), for shelf-life evaluation after 3. 6. and 9 days 

with 42.5% phosphoric acid. of storage. A mild heat-sealing treatment was applied to the 

Second stage, neutralization solutions were prepared from overwrap. Two 3-mm holes were made through the 
stock solutions of 1%. 2% 3%. and 4%. each, of erythorbic 50 0Verwra P' at opposite corners of each package, using self- 
acid and sodium erythorbate. The pH of these stock solu- adhesive labels applied to the overwrap to keep the holes 
tions was measured singly and in varying erythorbic acid- open ' t0 cnsurc mat 30 acrobic environment was maintained 
:sodium erythorbate ratios, to give several different formu- durin g storage. 

lations at each total solute concentration (1%. 2%, 3%. and Day 3. 6. and 9 sublots were stored in a 12° C environ- 

4%). ^ J3 mental chamber (Lunaire Environmental. Inc.. 

Neutralization solutions were then combined with equal Williamsport. Pa.), with four packages per treatment for - 

volumes of pH 11.0 solutions, and the final pH of each sampling on each day of shelf-life evaluation, 

mixture was recorded. Results were screened for combina- n 

tions yielding final pH in the range of 6.50-8.00. i.e.. close Lolor Mcasurements 

to mushroom physiological pH. approximately 6.5. Neutral- 60 Wash treatment effectiveness at maintainin g whiteness 

ization solutions tested are given in Table 1. with pH and retarding post-harvest browning was determined by 

measurements alone and in rnixture with equal volumes of measuring mushroom cap color on days 0. 3. 6. and 9 of 

pH 11.0 solutions. All pH measurements were made using a storage. Color was measured at three locations on the 

Bcckman <t> 40 pH meter (Bcckman Instruments. Inc.. surface of each mushroom cap. using a tristimulus calorim- 

Futlerton. Calif.) standardized with Fisher Certified ACS pH 65 eter (Chromameter Model CR-200. Minolta Corp.. Ramsey. 

4. 7. and 10 buffers (Fisher Scientific, Inc.. Fair Lawn. N J.). N.J.). The Chromameter was calibrated using the standard 

Solutions yielding final pH within the target range were then white calibration plate supplied with the instrument, and 
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L*a*b color coordinates were used for all measurements. A solution, and agitated as in the water control Water and 

target color of L=97 00. a=-2.00. and b=0.00 was used as a sulfite control rlsfuZZ ZTj^TpoTyX^ 

reference st^dard for internal calculauon of overall color colander after 30 seconds and then immediately placed back 

deviation (Delta E) from that of the "ideal white mushroom" into the wash solution, to simulate the handling of mush- 

( on. 3 ro °ms in the two-stage wash experimental treatment lots. 

Experiments were structured in a randomized complete Experimental treatment mushrooms were washed for 30 

M«n whiteness (L-value) and overall color seconds in a 0.05M sodium bicarbonate solution, pre- 

change (Delta E values were internally calculated for each adjusted to pH 11.0 with 1.0N sodium hydroxide at 25° C 

of the four replicates of each treatment on each day of After 30 seconds, mushrooms were immediately transferred 

evaluation, to give a total of four data points per treatment to t0 a 10 o c ncutrali2ation wash solution of 6 ' ^^ic 

£!rn Ji 'I 3 U " WCfC a0aly2Cd USing 00c - way acid < 24 ^ sodium crythorbate. and 1000 ppra calcium- 
ANOVA. and means were separated via Fisher's Protected disodium EDTA, at 10° C. and immersed for an additional 
Uast-Sigruficant-Differencc. with StatView 5 12+ software 60 seconds, for a total wash time of 90 seconds. In both wash 
(Brainpower. Inc.. Calabasas. Calif,). stages, mushrooms were washed at the rauo of 300 g per Uter 

R . 15 of solution, and agitated by hand with a slotted stainless steel 

mcten spoon. 30 times per minute, as in water and sulfite control 

Wash treatments yielding the best color (highest L-value, treatments, 
lowest Delta E). initially and over a 9-day shelf life, were ^ mushrooms were drained in polyethylene colanders 
screened to determine effectiveness at controlling bacterial 20 f° r 5 minutes at room temperature, with five colanders of 
growth on the mushroom cap surface. Mushrooms were 900 S each, on a fresh weight basis, for each of the three 
prepared and washed as in the shelf -life color experiments. treatments. One colander from each treatment was randomly 
and an additional 400 g of mushrooms were randomly selected for immediate freezing. Mushrooms to be frozen 
sampled from each replicate of each treatment, for each day wcrc randomly separated into six lots of 150 g each, sealed 
of analysis (03.6,9). in quart-size polyethylene freezer bags, and immediately 

Each 400 g sample was randomly divided into two lots of P laccd "» the walk-in freezer at - 18° C. Color readings and 
approximately 200 g. one for total aerobic plate count (APC) bactcria l counts were determined at 2. 4. 6, 8. 10. and 12 
on Eugon agar (Difco Laboratories. Detroit, Mich.), and the Wceks of frozcn storage, using the procedures for fresh 
other for coliforra count on violet red bile agar (VRBA) mushroom evaluation, except that color readings were col- 
(Difco Laboratories. Detroit. Mich.). Each lot 30 lcctcd both while * c mu shrooms were frozen and after 
(approximately 200 g) was homogenized with 200 ml of Rawing. 

0.1% peptone in a sterile Waring blender for 1 minute. The remaining four replicate colanders of 900 g mush- 
modifying the procedure of Simons (1994). Mushroom rooms from each treatment, were placed in '/<s-size grocery 
horaogenate was serially diluted using 1 1 ml transfers, ba S s * as for frcs h mushrooms, and stored for 24 h at 12° C. 
followed by 0.1 ml transfers onto duplicate spread plates 35 in preparation for canning, simulating commercial practice, 
containing Eugon agar or VRBA. The plates were incubated ^h mushroom lot was blanched for 5 minutes in boiling 
at 32° C. for 48 hours. water, using steam- jacketed stainless steel kettles, and pre- 

blanching and post-blanching weights were recorded. 
Texture (Firmness) Measurements After blanching, the mushrooms were drained for 2 rain- 

Texture was measured the day after washing, using a TA 40 Utes *" J ^"s^l^der. and drained weights were 
XTZ Texture Analyzer (Stable Micro Systems. Surrey. Z°u^% L °! n mushrooms were placed into 

England) fitted with a conical probe. Penetration depth was ^ 40.gram sodium chlonde tabkt was 

set at 0.4 mm. Three readings were taken per mushroom cap. ^ t0 " ch Can; cans W " P ™ cd to thc t0 P w " h J 0 *"* 
and results were displayed using S JTmIoo SySSf ^ ^ T ^ ^ n"? * ^ ^"iP 0 ? 
XTRA software package « ? 0SU,g Machmc (American Can Co., Greenwich. Conn.). 

Canned mushrooms were stored for 7 days at room 
Canning and Freezing temperature, cans were opened, and color (L-value and 

Delta E) and canning yield were determined. Canning yield 
Washed mushrooms were prepared as canned and frozen was calculated by draining each series of six cans for two 
products, to evaluate wash treatment effects on canned 50 minutes in a stainless steel colander, recording thc final 
mushroom color and yield, and on frozen mushroom color. drained weight and calculating percent yield on a fresh 
A 60 lb. (27.25 kg) sample of hybrid off-white (U-l) weight basis. A single color reading was taken for each 
mushrooms was obtained from normal crops grown at the mushroom, for 50 randomly- selected mushrooms per series 
Mushroom Test Demonstration Facility (MTDF). the same of six cans. Color (L-value and Delta E) was internally 
morning on the day of washing. Mushrooms were selected 55 averaged for each scries of cans, for a total of four data 
from thc 27.25 kg sample on the basis of size, maturity points and 200 color readings per treatment, 
(unstretched veils) and freedom from disease, bruising and 

other major blemishes, and randomly assigned to three Tribasic Sodium Phosphate Trials 

treatment lots of 4.5 kg each. in preliminary experiments, solutions of tribasic sodium 

One treatment lot served as a water- washed control, in 60 phosphate (tris odium phosphate. TSP), were used to gener- 
which mushrooms were washed in 20° C. deionized ate a washwater pH of 11.0 or higher, as a one-stage wash 
(reverse-osmosis) water for 90 seconds, at the ratio of 300 or in combination with water or the enzymatic browning 
g mushrooms per liter of wash solution. Mushrooms were inhibitors crythorbic acid or sodium erythorbate, in a 
gently agitated by hand, with a stainless steel slotted spoon, second-stage wash solution. 

30 times per minute. The second treat ment lot was washed 65 Use of 10% TSP by itself, in a wash lasting 120 seconds, 
in a 20° C solution of 1000 ppm sodium mcta-bisulfite for was destructive to mushroom pileal tissue, yielding a Day 0 
90 seconds, at the ratio of 300 g mushrooms per liter of whiteness (L) value of 60.42. vs. 93.36 for a reverse-osmosis 
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w"h rApL a „to 9 Tal f °n a ™ "f™"*'^" Mushrooms washed in the pH 1.1.0. 0.05M sodium Wear- 

h„ • Table 1) TSP-washed mushrooms were bonate buffer. foUowed by the 0.8% erythorbie acid/3.2% 

£1 k . 'a ? ,« Sllray ' n te " Ure - ""P" 6 " 10 "* sodium ^horbate buffer, were nearly* white initially 

o ™I™ - ^' ^° S ^' e C °^' ™ USh f~ ms - Reduction < L - 90 0 *) " w"""" in 'he 10.000 ppm hv*o«n 

lZl^ITK UremetOTSPfrOml20sCCOnd5, ° 60 5 P«««««000 ppm calcium-disodium EOT-T Sen" 

seconds. foUowed by a reverse-osmosis-water wash of 60 developed by McConneU (1991). (L=9048) They were no 

Lvle ofS" 115 ' UnPr ° Ved C °' 0r - 8iViD8 3 day -°' " Whi ^ ^ » muslooms^ed in a ^ p^m 

sodium metabisulfitc solution (L=9I.56). On day 3 

Replacing water with a 2.25% sodium crythorbatc solu- however, the pH 11.0/erythorbate-washcd mushrooms were 

tion tn the secoad-stage wash yielded a further improvement "> whiter (L=91.78) than either the sulfite- treated mushrooms 

in color, to an initial (Day 0) L-value of 89.23. When 2.25% (L=91.00) or the peroxide -dipped mushrooms (L-90 89) 

sodium crythorbate was replaced with an equal concentra- The pH U.O/erythorbate mushrooms continued to be the 

tion of erythorbie acid, initial whiteness was higher still. whitest on day 6 and day 9. with the L-value difference 

with a day-0. L-vaJue of 90.71. Increasing erythorbie acid between treatments increasing with time. The two-stage pH 

concentration from 2.25% to 4.50% gave very little U U.0, 0.05M sodium bicarbonate/0. 8% erythorbate+3.2% 

improvement in color through day 3. but on day 6. the sodium erythorbate treatment was used as the reference 

increased erythorbie acid, treatment was noticeably better. standard for formula- and process-optimization 

with an L-value of 89.50. versus 84.12 for the 2.25% experiments, with the goals of enhancing initial whiteness to 

erythorbie acid treatment. Reduction of TSP concentration equal or exceed that obtained by sulfite treatment, improving 

from 10% to 5% in the treatments with water as the » whiteness throughout shelf life, and minimizing ingredient 

second-stage wash improved color on days 0. 3. and 6. usage. 

None of the experimental treatments matched the white- 
ness of the sulfite and water controls through Day 3. but the Addition of EDTA and C&0 2 to the 
two-stage treatment with 4.50% erythorbie acid as the Second-Stage Wash 

waThe^colnl'tr ^ nifi " ntl y be «« *? wa '«- " McConneU (1991) found mat the addition of 1000 ppm 

7 antimicrobial. 10.000 ppm hydrogen peroxide wash 

Development of a Two-Stage. High-pH/ n m,?^^ ° f Eag ° n ( 1984) and Shiba * 

NeutraUzation Wash T&atnJE 30 ( ^ 8) * that ^ cnhanccs * c effectiveness of anti- 
microbial agents. In addition. EDTA may inhibit enzymatic 

Results of the trisodium phosphate wash trials indicated browning in mushrooms by sequestering copper, a tyrosi- 

that the quality of mushrooms washed in basic-pH antibac- nase cofactor (McCord and Kilara, 1983). 

terial solutions could be improved by subsequent transfer to The shelf life and quality benefits of adding calcium 

a neutralization solution of erythorbie acid and sodium 33 chloride to mushroom irrigation water have been extensively 

erythorbate. Erythorbate soiutioos acted as both an documented (Kukura. 1997. Mikius and Bcelman 1996 

antioxidant, slowing the enzymatic browning reaction, and Simons. 1994. Solomon et al.. 1991. Barden et al 1990) 

an aciduianL returning final mushroom pH to physiological Guthrie (1984) found that the addition of calcium chloride 

range (approximately 6.5). thus rninimizing tissue damage . (10 mM) to Oxine antibacterial solutions enhanced the 

due to exposure to high pH. ^ antibacterial effect and yielded firmer mushrooms. 

Solutions of 1%. 2%. 3%. and 4% total erythorbate were When 1000 ppm calcium-disodium EEJTA and then 1000 
prepared, each at 4:1. 3:1. 1:1. and 1:3 erythorbie acid: ppm calcium chloride were added to the erythorbie acid/ 
sodium erythorbate ratios. Single 1%. 2%. 3% , and 4% sodium crythorbate stage of the pH 11.0/erythorbate wash 
erythorbie acid and sodium erythorbate solutions were also treatment, there were significant improvements in mush- 
prepared, for a total 24 test solutions. Solution pH was 45 room whiteness, at p<0.05. The improvement in whiteness 
measured iniuaily and after mixing with an equal volume of was also noticeable upon visual inspection. Results are 
1% tnsodium phosphate at pH 11.0. or with 0.05M sodium given in FIG. 1 and in Table 3. In the experiment surnma- 
bicarbonate at pH 11.0. Results are given in Table 1. The rized in FIG. 1. mushrooms were held in the pH-11 0 
buffering capacity of the TSP solution was greater than that , solution for 60 seconds, followed by 120 seconds in a 4% 
of the sodium bicarbonate solution. Several 2%. 3%. and 4% 50 erythorbate solution. Table 3 represents a separate 
erythorbie acid/sodium crythorbate combinations effectively experiment, in which the pH-11.0 wash was 30 seconds 
acidified the sodium bicarbonate buffer to physiological pH. foUowed by a 60-second wash in a 3% erythorbate solution. 
Only the most acidic (3:1 erythorbie acid: sodium The color improvement due to calcium chloride was greater 
erythorbate) 4% solution, and single 3% and 4% erythorbie for the longer wash time. 120 seconds (FIG. 1). in the 4% 
acid solutions acidified the TSP solution to near physiotogi- 55 crythorbate solution, vs. 60 seconds (Table 3) in the 3% 

P*** erythorbate solution. It was subsequently shown, however. 

Wash solution combinations yielding a final pH within or that the best overall performance was yielded by the 

near the mushroom physiological range were screened in 30-second pH-11.0 wash. foUowed by the 60-second. 3% 

wash trials, to determine effectiveness at maintaining white- erythorbate+1000 ppm EDTA+1000 ppm calcium chloride 

ness throughout a 9-day shelf life. Wash solutions were 60 wash. 

maintained at room temperature (20° G). Mushrooms were Kukura ( 1997) showed that mushrooms irrigated with tap 

unmersed in the pH 1 1.0; buffer for 120s. followed by water plus calcium chloride were more resistant to discoi- 

immersion in the erythorbie acid/sodium erythorbate buffer oration in general, and especially discoloration due to 

for 60s. The TSP-washed mushrooms were not as white bruising, than were mushrooms irrigated with tap water 

initiaUy and did not maintain whiteness during storage as 65 alone. For mushrooms subjected to bruising treatments, 

well as those washed in sodium bicarbonate (Appendix calcium-chloride irrigation was shown to strengthen ccU and 

Tablc 3>- vacuole membranes, preventing the leakage of polyphc- 
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noloxidasc (PPO) substrates from the vacuole to the cyto- 
plasm and surrounding medium. Containment of PPO sub- 
strates in the vacuole prevents them from interacting with 
the enzyme, thus preventing enzymatic browning. Electron 
microscopy did not reveal the same structural difference 5 
between calciura-added and no-calcium treatments when 
calcium chloride was incorporated into the wash treatment. 
Mushrooms in this study, however, were not subjected to 
bruising, and this may explain why the protective effect of 
calcium was not evident in the micrographs of washed- to 
mushroom tissue. There was. however, an improvement in 
mushroom whiteness as a result of the addition of 1000 ppm 
calcium chloride to the second-stage wash solution (FIG. 1. 
Table 3). 

Calcium chloride addition to the second-stage wash also 13 
affected bacterial populations. On day 0. plate counts were 
higher for calcium-treated mushrooms, vs. high-pH. 
no-calcium mushrooms, at p<0.05 (Table 4). By day 9. 
however, plate counts for high-pH. no- calcium mushrooms 
were significantly higher than counts for high- pH -plus- 20 
calcium mushrooms. There was no significant difference in 
plate count between the two high-pH treatments on day 3 
and day 6. 

Barden et al. (1990) found that bacterial counts were 
consistently lower for mushrooms with 0.5% calcium chio- 25 
ride added to the irrigation water than for mushrooms with 
no calcium chloride added to the irrigation water. The day 9 
plate count results suggest that a similar relationship 
between calcium and bacterial growth exists at the end of the 
shelf life for mushrooms washed in high-pH solutions 30 
containing 0.1% calcium chloride. 

Solomon (1989) proposed that improvements in mush- 
room quality due to CaCU irrigation treatments were the 
result of surface accumulation of calcium, which reduced 3J 
water activity and bacterial growth, and concomitantly 
increased surface light reflectance. This is supported by the 
data in Table 3. showing an increase in whiteness between 
day 0 and day 3. possibly the result of post- washing mois- 
ture loss. In the water- washed control mushrooms, the effect ^ 
is likely negated by the greater increase in bacterial numbers 
between day 0 and day 3 (Table 4). 

The higher day 0 bacterial populations for the calcium 
chloride high-pH wash. vs. the no-added-caicium high-pH 
wash suggest that, at least initially, for high-pH-trcated 45 
mushrooms, there arc effects of calcium on bacterial growth 
unrelated to the reduction in water activity at the cap surface. 
Mendonca et aL. 1994. concluded that the destruction of 
food-borne pathogens by high pH involves disruption of the 
cytoplasmic membrane. As Ferguson (19S4) and Miklus and 
Beelroan (1996) have suggested that calcium stabilizes 
biological membranes, it is possible that the 0.1% CaCl 2 
added to the high-pH wash protected both bacterial cell 
membranes and mushroom tissue membranes from damage 
due to high pH. In terms of bacterial survival and growth. 53 
however, this appears to be only an initial effect. After day 
0. bacterial counts for calcium- washed mushrooms were 
found to be lower than or not significantly different from 
counts for mushrooms washed without calcium. It is pos- 
sible that, later in storage, the effect of calcium in lowering ^ 
surface water activity predominates. 

Time and Temperature Effects 

Color 

Mushroom retention time in the wash solutions and 
temperatures of the wash solutions were examined, in order 
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to maximize mushroom quality. Changing the holding time 
in the pH 1 1,0 buffer from 120s to 60s and in the erythorbate 
solution from 60s to 120s. reversing the holding times for 
the two wash solutions, resulted in increased whiteness on 
days 6 and 9 of shelf life. In addition, the rate of discolora- 
tion was decreased for the mushrooms held for the shorter 
interval in the high-pH buffer and for the longer interval in 
the erythorbate solution. Halving the retention times to 30s 
in the high-pH buffer and 60s in the erythorbate buffer 
resulted in a further increase in whiteness (FIG. 2). but the 
rate of discoloration over time (slope of the L- value vs. 
storage time plot) was not changed from that of the 60s/ 120s 
treatment (FIG. 3) The rate of discoloration increased, 
however, when mushrooms were exposed to the high-pH 
solution for 120 seconds and only immersed in the neutral- 
ization wash for 60 seconds (T-10. FIG. 3). 

Temperature data are given in FIGS. 4 and 5. Optimum 
wash solution temperatures were 25° C. for the pH 11.0 
buffer and 10° C. for the erythorbate buffer. Increasing the 
temperature of the high-pH buffer to 35° C. decreased 
whiteness after day 3 of storage, and increased the rate of 
discoloration. Decreasing the temperature of the high-pH 
buffer to 10° C. had a similar effect on mushroom color. 
Increasing the temperature of both solutions, with the high- 
pH buffer at 35° C. and the erythorbate buffer at 25° G. 
resulted in a still greater deterioration in color. All high-pH/ 
erythorbate treatments, however, gave better quality than 
washing in either reverse-osmosis water at 10° C. or 1000 
ppm sodium metabisulfite at 10° C. All mushrooms were 
equilibrated to 4° C. in a walk-in cooler prior to washing. 

Water Uptake 

Time and temperature parameters affected mushroom 
water uptake during washing (Table 5). Minimizing water 
uptake during washing is important to prevent mushrooms 
from having a waterlogged appearance. As expected, shorter 
wash times generally resulted in less water uptake, vs. 
longer wash times at the same solution temperatures. The 
relationship between temperature of the wash solutions and 
water uptake was less predictable. Increasing the tempera- 
ture of the high-pH wash solution from 10° C. to 25" C 
decreased water uptake (Table 5. Treatment 3 vs. Treatment 
7). Further increasing the temperature to 35° C. however, 
resulted in an increase, rather than a further decrease, in 
water uptake (Table 5, Treatment 7 vs. Treatment 5). 

Increasing the temperature of the neutralization wash 
from 10° C. to 25° C also increased water uptake (Table 5. 
Treatment 5 vs. Treatment 2). Overall, the time- temperature 
combination yielding the lowest water uptake was a 25° C, 
30 second high-pH wash followed by a 10° C. 60 second 
neutralization wash. 

Texture 

Mushroom texture was evaluated, to determine the effects 
of water uptake and high pH upon -the firmness of mush- 
rooms. There was no significant difference in firmness 
between unwashed mushrooms, mushrooms washed in 
water or in sodium sulfite, and mushrooms treated with 
hydrogen peroxide/EDTA or with high-pH/neutralization 
washes (Table 6 ). 

First- Stage Wash Solution pH vs. Mushroom 
Quality 

The first-stage wash solution was designed to prevent the 
growth of bacteria, particularly pseudomonads. on the mush- 
room cap surface. First-stage wash solution buffers were 
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prepared at P H values of 11.0. 10.5 100 9 s ^qa 
time in the er£ho r bate buffer at 10' c l„'^ S "I"" 0 " 

w4??rT„r," U - yie,di,,8 raUShrooms as *W.e Tor 

^ uvmg a slower rate of discoloration over » 

The pH 9.5 and 10.0 performed as well as the nH tn < a 
11.0 formulauons initiaify (on day 0^, da y 3 " d^av 6 
however, they yielded mushrooms that wcrele« 
those from the hJ g her- P H ^^,^2 » 
mushrooms were not as white initially as the oVh/r h£h u 

mushrooms. rever$e -° smos ' s w «« and sulfite control 

fromSe'pH U oTo S^SVTT " ""'^ as <"<>" " 
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Wash Solution Buffering Capacities vs. Mushroom 
Quality 

The poorer performance of TSP-based treatments vs 
•odium bicarbonate-based treatments, was "S,ed to 
sufficient neutralization (reacidification) of™ mush 
^ms by the erytoorbate solution, due to me grelr Tut 40 
=mg capaaty of the TSP solutions. Conversely [, was 
possible that the pH 10.0. 9.5 and 90-tr ei i,rt m,. V 
were overacidifJin the 3M 

me the effects of wash solution buffering capaci* Z m^ 
pH buffers of varying sodium bicarbonate concentration 

sodium ZST" **** ° f ^ ^orbic c!S 
sodium erythorbate concentration. 

Sodium Bicarbonate Concentration » 
In the first experiment, the second-stage buffer remained 
constant. 06% erythorbic acid + 2.4% solium eryiZ ^ 

^T, BDTA - WhUe fim - Sta 8 e M** of varying"dium 
bicarbonate concentration (0.05. 0.10 0 25 and ft snvn 
were prepared. In all treatments. *e L s^e ^ffeV w« " 
adjusted topH 10.0. A P H of 10.0 was chosen to deteTm^e 
whedjer a pH 10.0 buffer of increased buffering S 

of lower buffering capacity (included as a reference 
treatment). Results are given in FIGS. 8 and 9 " 
Initial whiteness was the same for all treatments exceot 

3 H C ?r L WhiC " WM k5S White **" *«esL S 
3. the pH 10.0 ffeatments with higher sodium bicarbonate 

pH 11.0. 0.05M treatment. The 0.05M. pH 10.0 treatment 
was no. as white as the 0.05M. P H 11.0 «*mn« 0„ 



pVi^;^ 

treatments weretT ™ ~ 

ness terW *e D ^?i ?T n ° <Ufferanc « <■ white- 
" h ~ w T me P H u -0 treatment and any of the dH in n 
treatments of varying sodium bicarbonate Lccnla," i 

Erythorbic Acid/Na Erythorbate Concentration 
bictbta^no't 5 "T*?? 6 ""^ °° 5M sodiu "' 

'•r^^orr^-^ 
2 - rsst .r^orotT erythorbate+ioo ° 

3 'wi5^w r*!* 1 -** SOdium "ymorbate+lOOO 

ppm EDTA (2% total erythorbate). 
Results are given in FIGS. 10 and Jl 

for L e " Wlule on ^ 3 <"•<» 6- On day 9 the 3% 
thlh! e !y* orbaw -' r «'«' mushrooms werTstm white! 
2% e ^JfT WM- mUShr00ras - Mushrooms trelted w £ 

^r^xr'- at 

« wh^tTn ^°" de/ED TA-washed mushrooms not as 

u^r^r""" WaShed in sulfite « in t h e pH 
11.0/3% erythorbate treatment. They were, however as 

peroxide^EDTA treatment performed as weU as the 2% 3% 

af 7^ fit f t ! VS " s,ora 8<:-*nepIot) was not different 
mus f htfmsS,' h , at ° ^ "Sh-pH/erymorbate-^eated 
rate bZ™?.' S ?f' e - t, « aled mushrooms discolored at. faster 
rate than all of the other treatments 

In sunimary. the high-pH treatment with the 3% erythor- 

S e a , Wh "?, f W Whiter than from iTtar 

treatments on all four days of evaluation. 

Effect of High-pH Treatment on Bacterial Growth 

^ff™™ 1 ! 8 T" 8 '' W S h -P H buffer/erythorbfte 
buffer preservaove wash treatment increased as the dH of the 
first-stage buffer increased, as measured by 
whiteness. In addition to the inhibition of enzy^^™ 
u.g by eryuiorbic acid, sodium eryftorbate. £Z£%A»Z£ 
"f - " a " dement in n^fhroom 
shelf Ufe and quality as a result of exposure to high pH in the 

efft 7l:^ as - * was hypo,h " i2ed *« 

effect of high pH on mushroom quality may be due to 
dearucuon of spoilage bacttria on *e mushroom cap^ sur? 

To assess the antimicrobial effect of the hi«h- D H treat 
men, o fresh mushrooms, aerobic pu..e countstere S 
mined for tour treatments: 

1- Reverse-osmosis water. 20° C. 90s 
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2 . 1000 ppra sodium raeta bisulfite. 20° C. 90s 

3. 10 000 ppra hydrogen pcroxidc-H 1 000 ppra EDTA. 20° 

C. 90s 

4. 0.05M sodium bicarbonate at pH 11.0. 25° C. 30s/ 
0.6% erythorbic acid +2.4% sodium erythorbate+1000 
ppm EDTA. 10° C 60s. Results arc given in FIG. 12. 
Note that the statistical groupings differentiate between 
treatments within a single day of evaluation, and do not 
indicate differences in bacterial populations over time 
for a single treatment. 

Initially and on all three subsequent days of evaluation, 
the high-pH and the hydrogen peroxide treatments yielded 
lower bacterial populations than did the sulfite and the water 
control treatments. For all four treatments, bacterial popu- 
lations increased steadily over time. On day 0. populations 
were 2.20xl0 6 CFU/g for the high-pH treatment. 2.34x10* 
CFU/g for the hydrogen peroxide treatment. 5.00xl0 6 
CFU/g for the water control, and 5.33xl0 6 CFU/g for the 
sulfite treatment. On day 6. bacterial numbers for the water 
and sulfite controls reached 7.20xl0 8 and 9.78x10 s CFU/g. 
respectively, while the high-pH and hydrogen peroxide 
treatments had populations of i.57xl0 a and 2.34xl0 8 CFU/ 
g- 

The high-pH treatment was as effective as hydrogen- 
peroxide washing at controlling bacterial growth on washed 
mushrooms. Both yielded lower bacterial populations than 
did sulfite treatment or water washing. 

Time and Temperature Effects 

Wash solution temperatures and mushroom retention 
times in wash solutions were shown to affect mushroom 
quality throughout shelf life. These parameters were also 
investigated microbiologically. to determine their effects on 
mushroom bacterial populations. The same high-pH treat- 
ments were evaluated as for the overall quality experiment: 

1. Reverse-osmosis water. 20° C. 90s 

2. pH 11.0. 25° C. 30s/3% erythorbate. 10° C. 60s 

3. pH 11.0. 10° C. 30s/3% erythorbate. 10° C. 60s 

4. pH 11.0, 25° C. 60s/3% erythorbate. 10° C. 120s 

5. pH 11.0. 10° C 60s/3% erythorbate. 10° C. 120s. 
Aerobic plate counts were recorded on days 0. 3. and 6. 
Results are given in FIG. 13. 

On all three days, bacterial populations were lower for the 
high-pH treatments, vs. the water control. On day 0. the 25° 
C710° C. treatment with the 90s total retention time yielded 
lower bacterial populations than did the high-pH treatments 
with the other time/temperature combinations. This treat- 
ment also yielded the best shelf-life quality. 

On day 3. the 25° C./10° C. treatments at both retention 
times yielded lower bacterial populations than did the other 
treatments. On Day 6. the 25° C./10 0 C. 90s treatment still 
resulted in lower bacterial populations than did all of the 
other treatments. The longer-retention time treatments, at 
both temperature combinations, yielded the next-lowest 
bacterial populations, while the 10° C./10 0 C. 90s treatment 
gave the highest bacterial population of he high-pH treat- 
ments. 

These results, with a greater bacteria kill occurring at 25° 
C. than at 10° C. confirm the findings of Ray nor (1997), Teo 
et aL (1995). and Catalano and Knabel (1994). that the 
antibacterial effectiveness of a high-pH solution is 
temperature-dependent. Exposure time was also an influ- 
encing factor, and there was a time-temperature interaction. 
On day 0 and day 6. the 25° C. treatment at 90s total wash 
time yielded lower bacterial numbers than did the same 
treatment at 180s touil wash time. This may have been due 



to a decrease in water uptake and a resultant increased rate 
of drying, leaving less surface water available to support 
bacterial growth. At the lower temperature, where bacterial 
destruction occurred more slowly, the longer wash time (60s 
5 in the pH 11.0 wash) resulted in lower bacterial numbers, on 
day 6. than did the shorter wash time (30s in the pH 11.0 
wash). (FIG. 13). 

Performance of Optimal Hlgh-pH Treatment vs. 
io Sulfite and Hydrogen Peroxide Treatments 

Sulfite treatment, though banned commercially from use 
on fresh mushrooms, was still the benchmark, in testing to 
date, for initial mushroom whiteness. Sulfite treatment pro- 
duced bright, extremely white mushrooms initially. As 
sulfite treatment does not prevent bacterial growth 
(McConnell, 1991). the whiteness yielded by sulfite treat- 
ment is short-lived. Sulfite -treated mushroom quality dete- 
riorated markedly by day 3 (FIG. 14). and dark, sunken 

2o lesions appeared by day 6. 

The hydrogen peroxide/EDTA treatment developed by 
McConnell (1991). improved shelf-life quality of fresh 
mushrooms drastically, compared to sulfite treatment On 
days 3. 6. and 9. the peroxide-treated mushrooms were 

^ whiter than sulfite- treated mushrooms, and. until day 9. were 
free of sunken bacterial lesions. On day 9. the lesions were 
smaller and. by visual inspection, covered less of the mush- 
room cap surface than those on the sulfite- treated mush- 
rooms. In addition, peroxide- treated mushrooms had a dryer 

3Q cap surface, vs. sulfite -treated mushrooms, in the later stages 
(after day 3) of shelf life. Initially, however, sulfite- treated 
mushrooms are still noticeably whiter than those treated 
with hydrogen peroxide and EDTA. both by visual inspec- 
tion and by reflectance colorimetry. 

35 In terms of performance, the ideal mushroom preservative 
treatment (barring a theoretical one of infinite whiteness and 
shelf life) would yield an initial whiteness equal to or greater 
than that achieved by sulfite treatment, and would maintain 
whiteness throughout shelf life at least as effectively as 

40 treatment with hydrogen peroxide and EDTA. The optimal 
high-pH treatment (0.05M sodium bicarbonate at pH 11.0. 
25° C. 30s/0.6% erythorbic acid+2.4% sodium erythorbate+ 
1000 ppm EDTA+1000 ppm calcium chloride. 10° C, 60s) 
was evaluated for overall performance vs. sulfite treatment 

45 and hydrogen peroxide/EDTA treatment. L-value 
(whiteness) measurements and visual observations were 
recorded on days 0. 3. 6. and 9. and results are shown in 
FIGS. 14 and 15. 

On day 0. the high-pH treatment yielded the highest 

50 numerical whiteness value, with a 6-replicate average of 
L=92.32, though this was not different (p<0.05) from the 
sulfite treatment mean of L=91.96. The peroxide-treated 
mushrooms were less white, at L=39.97. On day 3. the 
high-ph-treated mushrooms were whiter than the peroxide- 

55 treated mushrooms, which were whiter than the sulfite- 
treated mushrooms. On days 6 and 9 the high-pH and 
peroxide treatments were equally effective, and both out- 
performed sulfite treatment by more than 10L- value units. 
The sulfite-treated mushrooms were visibly slimy and had 

60 sunken lesions by day 6. By day 9. the lesions were dark 
brown to black and covered most or all of the mushroom cap 
surfaces. The peroxide- and high-pH-treated mushrooms 
were free of blotch discoloration and sunken lesions through 
day 6. and showed only mild purple to light tan blotches over 

65 part of the cap surface on day 9. On day 6. there was some 
browning visible on the underside of the cap and on the cut 
end of the stripe, becoming slightly darker by day 9. The rate 
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of discoloratioD was not different, at p<0.05. for the high-pH were higher than those on water-washed mushrooms, but on 
and hydrogen peroxide treatments, whereas sulfite -treated all four weeks of evaluation, plate counts were lowest for the 
mushrooms discolored much more rapidly over the 9-day high pH-washed mushrooms. Coliform counts wcre<10 
shelf life. CFU/g through 8 weeks of frozen storage for the high-pH 
In summary, the high-pH treatment yielded mushrooms of * treatment. They were similar for water-washed mushrooms, 
equal or higher quality, vs. the sulfite and hydrogen peroxide but were as high as 375 CFU/g for sulfite- washed mush- 
treatments, on each day of evaluation. Initial performance rooms (Table 9). 
matched that of sulfites, and performance at the end of shelf 

life, on days 6 and 9. matched that of the hydrogen peroxide/ CONCLUSIONS 
EDTA wash. Between day 0 and day 6. when fresh mush- 10 

rooms are typically displayed for retail sale, the high-pH a two- stage wash treatment cons is ting of a 0.05M sodium 

treated mushrooms were of higher quality than both sulfite- bicarbonate buffer at pH 10.5-1 1.0 in the first stage, fol- 

trcated and peroxide -washed mushrooms, based on day-3 lowed by a neutralization solution containing 0.6% erythor- 

data. 3 bic acid, 2.4% sodium erythorbate. 1000 ppm EDTA. and 

_ . . _ 1000 ppm calcium chloride in the second stage is very 

Applications in Canning and Freezing at shclf m wd quality of frcsh ^ 

Though consumption of canned mushrooms is declining, processed white mushrooms (Agaricus bisporus). This treat- 
canning remains economically important to the mushroom racnt equals the initial whiteness achieved by sulfite 
industry. With the beneficial effect of high-pH treatment on 2Q treatment, while coatrolling bacterial growth, preventing 
the quality and shclf life of fresh mushrooms, it was inves- blotch and lesion formation, and improving shclf life and 
tigated whether there was a similar benefit to high-pH storage quality as effectively as or better than wash treat- 
treatment of mushrooms prior to canning or freezing. mcnts incorporating hydrogen peroxide and EDTA. 

Canning , Wash solution temperatures and mushroom holding times 

LJ , f , t 2 in wash solutions affect the performance of the high-pH/ 

Mushrooms are commonly w>ted and "ore* to 1-2 hofbatc A mention time of30 seconds inapH 
days before canning, to improve yield (Beelman 1997). The ' ftrst-stage buffer at 25° C. followed by 60 sec- 
longer mushrooms are stored, the greater the yield improve- flt in ° r were determined 
ment (Beelman 1997)- however, color declines. Therefore. °nds « a 3% erythorbate solution at 10 C. were determined 
mushrooms in sulfites to prevent 30 to be optimal processing condibons The treatment wa 
Drowning. Tlius. it was determined whether washing mush- found to be robust, however, and was effective over a ange 
rooms in the high pH/neutralization wash would yield color of temperatures, holding times, and even wash solution 
as good as or better than that of a sulfite treatment, while still ingredient concentrations. The pH of the first-stage wash 
providing the yield benefit of washing and holding. solution could be reduced to 9.5-10.0 without serious del- 

Canned mushrooms were washed in reverse-osmosis " rime nt to performa nee. particularly if the buffering [capacity 

water a sulfite solution, or the high-pH/erythorbate solu- (sodium bicarbonate concentration) is increased. Similarly, 

tions prior to blanching, canning, and thermal processing. the erythorbic acid concentration could be reduced to as low 

Mushrooms were stored at room temperature and cans were as 0.4% and sodium erythorbate concentration as low as 

opened after 7 days, to evaluate color and yield. Color 1.6% (retaining the 1:4 erythorbic acid: sodium erythorbate 

results are given in Table 7. High-pH mushrooms were 40 ratio) in the second-stage wash. 

significantly whiter than sulfite -treated mushrooms (by a EDTA and 1000 ppm calcium 

difference of ap^oxiroatety 3 L-value points w£ch w«c ^Z^c wash solution enhanced the 

significantly whiter than the water-washed mushrooms. rformancc of thc with cach mgredicnt rcsu ,ting 

Yield was calculated as a percentage of fresh weight ^ * implement in mushroom color. EDTA functions to 
Results are given in Table 8. Sulfite raiment and high-pH a cofactor of oxidase, the brown- 
treatment resulted in similar yields (65.70% and 65.53% cazy ^ ^ mushrooms It has also been shown to 
respectively) while water washing resulted in a slightly, but l *^J* performance of antimicrobials. Calcium chlo 
significantly, lower yield of 64.85%. ridc ^notion by increasing solute coocentration at the 

Since thc high-pH wash protected me mushrooms from 50 ^ surface makmg less watcr avai i ablc to 

^«^^ h ^^^^tn^o^te bacteriaandmaeasingsurfaceUghtreflectancefwhiten^^^ 

rooms could perhaps have been stored longer prior to v ... . , „ u« M • ,^ 

canning to result £ even greater canned product yield In addidon, it may improve vacuolar membrane integrity, 

canning iu rcsuu uj & r making the mushroom tissue more resistant to bruising and 

without sacrificing color. s 



senescence. 



Freczmg The high pH of the first-stage wash is designed to destroy 

Frozen mushroom color was evaluated at 2. 4. 6. and 8 bacteria on the mushroom cap surface, particularly the 

weeks after freezing, and coliform and total aerobic plate phytopathogenic fluorescent pseudoraonads, which cause 

counts were determined. Frozen mushrooms pre-treated blotches and lesions. Erythorbic acid and sodium 

with the high-pH/erythorbate wash were much whiter than 50 cr ythorbate, in addition to returning mushroom pH to physi- 

mushrooms pre-washed in water or in 1000 ppm sodium ological range, act as antioxidants, inhibiting enzymatic 

metabisulfite. 2. 4, 6. and 8 weeks after washing and browamgt 
freezing. Frozen mushroom color results are given in FIG. 

16 In addition to effectively improving the quality and shell 

Bacterial growth on frozen mushrooms was reduced by 65 life of fresh mushrooms. high-pH/erythorbate treatment is 

high-pH pre-treatment (FIG- 17). After six weeks of frozea useful as a pretreatment to improve the color of canned and 

storage, aerobic plate counts on sulfite-washcd mushrooms frozen mushrooms. 
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TABLE 1 



Table 4 



Neutralization So hu ton Formulations and pH Readings. 



pH wttl 



pH with 



Solution 


% 
Total 
Solute 


Initial 
PH 


Equal \fol. 
NaHC0 3 
<3> pH 11.0 


Equal Vbl. 
pH TSP© 
pH 11.0 


1% Sodium Erythorbate 




8.35 


10.75 


tl.13 


2?o Sodium Erythorbate 




S.31 


10.56 


11.06 


3% Sodium Erythorbate 




8.31 


10.52 


10.99 


4% Sodium Erythorbate 




8.29 


10.45 


10.96 


1:4 E.A.:Na Erythorbate 




5.18 


10.42 


11.09 


1:3 E.A.:Na Erythorbate 




5.01 


10.13 


10.85 


1:1 E.A.:Na Erythorbate 




3.37 


9.60 


10.70 


3:1 E.A.:Na Erythorbate 




3.39 


8.82 


10.58 


1:4 E.A.:Na Erythorbate 




5.02 


10.34 


11.02 


1:3 E.A.:Na Erythorbate 




4.85 


10.06 


10.88 


l:lE.A.:Na Erythorbate 




4.17 


7.02 


10.68 


3:lE.A.:Na Erythorbate 




3.43 


5.72 


9.69 


1:4 E.A.:Na Erythorbate 




4.53 


6.91 


10.71 


1:3 E.A.:Na Erythorbate 




4.46 


6.83 


10.49 


1:1 EJV.:Na Erythorbate 




4.20 


5.99 


9.85 


3: 1 E.A.:Na Erythorbate 




3.98 


5.00 


8.30 


1:4 E.A.:Na Erytborbale 




4.98 


7.28 


10.66 


1:3 E.A.:Na Erythorbate 




4.82 


6.98 


10.53 


l:lE.A.:Na Erythorbate 




4.29 


5.25 


8.30 


3:1 E.A.:Na Erythorbate 




3.69 


4.60 , 


7.60 


1% Erythorbic Acid 




2.72 


6.73 


10.49 


2% Erythorbic Acid 




2.64 


5.59 


9.34 


3% Erytharbtc Acid 




2.55 


3.82 


7.48 


4% Erythorbic Acid 




2.53 


3.68 


7.12 



E.A. = Erythorbic acid. Na Erythorbate = Sodium Erythorbate. TSP =Tribasic 
Sodium Phosphate. 



Influence of calcium chloride added to the second- stage wash 
solution on the bacterial population of fresh mushrooms. 



Treatment 



Day 0 



Day 3 



Day 6 



Day 9 



Water Control 3.4 x I0*a 1.66 x lO'a 7.86 x lO'a 3.38 x 10*a 
pH 11.0 no Ca 2.07 x 10*c 2.09 x 10^ 1.54 x 10*b 2.04 x 10"b 
pH UjO + Ca 131 x 10*b 2.20 x tO'b 1.33 x 10*b 1.45 x I0"c 

Within each day of evaluation, means followed by the same letter arc not 
significantly different (P < O.05). 



TABLE 5 



Effect of temperatures of wash solutions 
and holding tiroes on water uptake of mushrooms. , 
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Water- 
Weight 


Treatment 




Gain (%) 


1. 


pH 11 A 10* C, 60 secoods/neutralization, 10 s 
120 seconds 


C 


11.30 (A) 


25 2. 


pH 11.0. 35* C„ 30 seccods/oeutralizatioa, 25 s 
60 seconds 


c. 


10.22 (B) 


3. 


pH 11.0, 10° C, 30 secoods/raitral ization, 10 s 
60 seconds 


c, 


9.96(B) 


4. 


R.O. Water, 10" C, 180 seconds 




9.50 <BC) 


5. 


pH 11.0, 35* C, 30 secoDds/neutralization, 10* 
60 seconds 


c. 


8.75 <C) 



TABLE 2 



Chemicals Used in the Mushroom Wash Treatments and Their Sources. 



Calctum-di sodium EDTA (Verse ue $ CA) food grade 

Calcium chloride, dihydrate (Dow Flake ®) 

Erythorbic acid, FCC fine granular 

Hydrogen peroxide. 35% 

Sodium bicarbonate, anhydrous, Certified ACS 

Sodium carbonate, anhydrous, Certified ACS 

Sodium erythorbate, FCC granular 

Sodium hydroxide. Certified ACS 

Sodium sulfite, anhydrous, Certified ACS 



The Dow Chemical Co., Midland, MI 
The Dow Chemical Co., Midland, MI 
Pfizer, Inc., New York, NY 
Fisher Scientific, Inc., Fair Lawn, MI 
Fisher Scientific, Inc., Fair Lawn, NJ 
Fisher Scientific, Inc., Fair Lawn, NJ 
Pfizer, Inc., New York, NY 
Fisher Scientific, Inc., Fair Lawn, NJ 
Fisher Scientific, Inc., Fair Lawn, NJ 



TABLE 3 



TABLE 5 -continued 



Effect of temperatures of wash solutions 
and holding times on water uptake of rhusnrootns. _ 



Innueoce of calcium chloride added to the second-stage wash 
solution on the color of hybrid a ff- white mushrooms. 



Water- 
Weight 
Gain(%) 



6. R.O. Water, 10" C, 90 seconds 8.25 (CD) 

7. pH 110, 25' C, 30 seconds/neutralization, 10* C, 7.65 (D) 
60 seconds 



Day 0 Day 3 Day 6 



Day 9 



Water Control 


92.61b 


91.68c 


86.43b 


82.83c 


60 


pH 11.0 no Ca 


93.95a 


94.58b 


92.57a 


89.06b 




pH 11.0 +Ca 


94.22a 


95.09a 


92.88a 


90.69a 





Data ate means of four replicates: within each day of evaluation, t 
followed by die same letter arc not significantly different fP < 0.05). 



TABLE 6 



Influence of Wash Treatment Upon the Texture of Fresh Mushrooms. 



Resistance 
(Kg) 



65 i . Unwashed Cootrol 
2. R.O. Water, 90 s 



0.572 (A) 
0.570 (A) 



